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1. B ES RS 0] FMEAEES 5 /1 (Introduction of High Availability Networks for
Smart Substation), H&[E{ KERI, Dr. Kim Young-sun ©

2. EREE A FH 4 E& 2 2 s E i e Y 35 0K 7€ & (Requirements Definition of Smart
Grid Simulator for Cyber Security Evaluation), 7~ CRIEPI, Mr. Noriyuki Ueda °

3.1EC 61850 42 2470 B ICT FA KR EE T B b2 FE FHES /1 (Overview of IEC
61850 Based Pilot Systems and ICT for Future Power Automation Applications),
478 TPRI, Mr. Jen-Li Liao °

4. B4 T BEITHIRAEHEH] (The Cooperative Control for the Interactive Grid
Operations), [ CEPRI, Dr. Yong Taiyou °
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ST Ny TR A SRS (P ARSI $# [E] 2 - HSR/ PRP 1 PTP S3RIfEH
IEC 62439-3 A1 IEEE 1588 fZ4E - HSR {5 F B A R {[E DL A4 /Y HSR 1%L DANH;
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J71A B3 A BRI DURAIETEL o H Ul DANH TE F{E 7 A1 HE IR B AR 4
B WEFECFIFRY—E - 8% HSR AR ERIZIREE - ¥72 PRP (S » PRP
B A 0 (8 T LAY DAKARRE - PRP JEATBE 8 8 W ([ DA 48 A S E I LA
RHAGEIEL - PRP H AYERRE(E WA {E LUK AR B LUK YR - I ZFEH
—{[& - PTP fRHAF ARV E NV [E P 4aps s 8 - EfE B AT HE LA al
B o A 49R& 3% 0 grand master, ordinary and transparent B [E25 - it
et BN 1EC 61850 FHFEAEAE (B AMEEHI LB EHEM RS T
ERVEERT HELAVTHEE T K E - BEATE B LAVDIREfR KA E s
e FY R P A 28 B R IR ] 1T = » DRI AE AR s T o H— (R RIS B G
BEADHIE &  FE(E R ZH HSR / PRP THEEMEGT &1 2 1% - A2 H (A HSR
/ PRP / PTP HE 244t iy 55t DL IR PR M e 2 HERE TR

2



LS RO
P
i ] VAR
S S

KERI FYAHBET ST

\7\7\7\7\@*_

N EBEIT:
ol 4 sRiE A s B ER s ey
bus ~ B =R O] 5E MIRIR

{fa T BEOR SEAE “Z AR ]
IEC62439-3 [E] 6 PRP HEZ

22,23} VLAN &%

61850-90-4 [&] 51 PRP / HSR S EE A4S ~

fHF PRP Y 240 ~ 47 s/ B A IEREE 1R/

High Availability Network

o Requirements for recovery delay in SA

Required
Communicating partners Application recovery tolerated delay | Communication
Recovery Time S

SCADA to IED, client
sarver |EC 61850-8-1 800 ms. 400 ms.

IED 1o IED interlocking  |EC 61850-8-1 12ms 4ms
PRI IEC 61850-8-1

Ertecton tp iouding | 61850-8-1 8ms 4ms

Bus Bar protection g:ngr:%ﬁg'gj o <ims Bumpless
Sampled Values LE[EDS;;Z?]%QZ on ngf',?;,E:" some few consecutve  gmpeqs

< Table7, IEC 61850-5 >
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High Availability Network

o PRP frame

Extended by RCT

RCT consists of:

= 16-bit sequence number (SeqNr)
= 4-bit LAN ID (LanID)

= 12-bit frame size (LSDsize)

= 16-bit suffix (PRPsuffix)

om0 s w_m P
- destination ‘ source. | L ‘ Lsou / Seatir ‘ ‘LSDU e l
- tme

frama uithout redUnlaney €antrol Redundancy Control Trade:

£ i
< PRP frame extended by an RCT, Fig. 6, IEC 62439-3 >
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TR BB EEE
IEC 61850 B[ Ras

HZRDL 10 5R[E 7 252 o] R P4 RE -
IEC62439-3 [&] 1 BHTIHY PRP
2+ |EC62439-3 [E] 11 A HSR 2 IR G HE - IEC62439-3
A VLIAN FEERHY HSR FEAE -
R HSR > R {E/[N HSR R (s FH Wi {E 8 77 4 I FREERT HSR 7R f31 ~

FRHACHY Process

EHE SA EP‘WE@%&'EB@%? i

IEC62439-3 [&] 13 —
IEC TR
ABB IEC 61850 5787 45 E8T HSR 2
WS EE -

High Availability Network

o Typical PRP is a double star topology

High Availability Network

o HSR frame
Ethetype:0X892F 3
HSR tag i . P B
= 4bitpath D IO e | comn | 2 [R5 s [AO]

= 12-bit frame size

i HoRtag arpml LPOU
= 16-bit sequence number

‘ 3

.}

@
< HSR frame without a VLAN tag, Fig. 22, IEC 62439-3 >

| ESes L _E e

\‘-“I \mw .

nnnnn

.
< HSR frame with VLAN tag, Fig. 23, IEC 62439
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- & HARREE IR S A
et Ll 4 R1%52 R R KERI AYAERHEHSE: LL C# - Simulink ~ HDL 3512
PRP / HSR process bus HE#EEE(F » B> FPGA HY HSR [ » IEEE 1588 v2 [y
JEA > LUK process bus JHIERE&

KERI's Related Research KERI's Related Research

o Prototype for HSR based on FPGA - PRP/HSR process bus simulator
ImpIemented with C#, Slmullnk HDL deS|gn

K-E I%ni = < Test frame structure > | ;Dem;nsn:ali;;\ scenario > KER—]
KERI's Related Research KERI's Related Research
7 Prototype for [EEE 1588 v2 = Process bus Test bed
/—"_; Time Offset Mater-Slave Pye (T
‘[ via 2 port TC (Software Model) W™ )

Slave 152 port IC t ‘ ‘
- - |I|’ |||l

< Prototype for IEEE 1588 v2 and its measuring result > < Synchronization principle

(from www.ixxat.com >
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N FEEFRE A - Bt FARRRENG B - 552 AN
IR BRITHY RS IEAE S K » 55= > BT FIIEAREEITE T 8GR
1% BB GEOR R - BRENAFIELRE(L - HEEEEN
HYEkER 1 & A DUE R o S IR B 2 85 4E SCADA 24 tHRARYE f - 1548
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A FE MRS EFArAINBEINERA SRR S EHN FAFTAE IR
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R BB —E o - DUETT Es R E A2 a5 allA AN e iR K E 2
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( CSMS,Cyber Security Management System ) » EEBERE F /0@ B (SIS E R
st fe HoAZE il 2 2 ATV GIE SR - s N A BB n] Rddrs e masT
e 2R DRERY —&0 70 - I T RSN E a2
FMERZ i A ARG R RE - AF e 5 AR (B BE i (S A s ERFERIESE - —i%
ARE > R EAYHE R - HER PRt - SRR AIEREE - Hit
R T FERZ 5 R4S R (S RS AV ARSI B 2 2 2 - 1T B FER% 5 i BB R i Al
BV T Ry
Hgd RAan

> &

A EE R

s LL 4 5RlE R f AR S > HieEE R 0 R TR
e o R E RO I e B - R R R
I3 ERAFSCOIAT o E BRI BBl A] DA iR e KB - 35
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Requirement

Design Development

Definition }
SCODG Process Process

Process




CSMS HYJE

HRDA 4 5RIE A 3
IEC62443-2-1

;‘/\ Hg‘z‘»?fﬁ:

FEIZHVER
Ry TTEERER CSMS ~ 7 1k R PR St 2 3%

2 Bl 3 THRE L BRS

A A IS LR F RS B CSMS JIE FH 1EC62443-2-1 {2 NERC CIP/NIST IR7628

s

R et
Proposal of Requirement Definition Process
Application of CSMS:IEC62443-2-1

¢ Csvs

» Cyber Security Management
System for Industrial Automation
And Control System(ISAC)
Mechanism for taking into account

Al

IR Lo

Proposal of Requirement Definition Process

Why do we use CSMS?

(DComprehensive Global Standard

Utilize this part

Q Risk Analysis )

(Risk Base approach
~flexible: risks inherent in smart gird can be taken into consideration
*prioritization: conduct security measures with high priority preferentially

the risk on the busi due t
e risk on the business due to Addressing risk vith the CSMS CSMS NERC CIP NIST IR7628
cyber attack, to manage the risk, N
win the trust of stakeholders Security i Generation O o o
" S olicy, Selected Power - = o = 5
» Scope: whole smart grid and its . Znizat'ion security || Implementa system ransmission
elements £ and counterme tion Distribution (©) (@]
W hardware, software, asures
communication protocol AMAIERESS Organization (@] (@] O
@ Embodying the CSMS and Define 0 Sta n]da’d'ZEd System o) 0 0
» business rationale it ¢ : | SYel e : o
» scope of the CSMS Monitoring and improving the CSMS | omponen
» Priority Type Risk-based Checklist Risk-based
Graphical view of elements of a cyber

security management system

© CRIEPI 2016
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The Scope of Global / Industry-wide Standards

#IEC62443-2-1 Figure 1 7

LA 8 SRARE AR
4 {E75Eh~ HE

IR CRIEP

Details of Proposal of Requirement Definition Process

Example-result: 1. Develop business rationale and scope

Unit1:Power gird operation system
Unit2:Power gird protection system

Central control center [
for trunk power system

Physical base

33 |
UHV Substation Felonors;cnerap

© CRIEPI 2016

HFR S KE RIS TER Z QAT
(SN S i &~ i E RS UE S E SR 1-1
BIGEER 1-2 e S Tt S HA s i ~ tEE )
» WEE AR -

et K e

| PSSl
Details of Proposal of Requirement Definition Process
Example-result: 1. Develop business rationale and scope

Trunk power system side(500kV~154kV) = Priarity 2 (higher)

Lower power system side(not exceeding 154kV) = Priority:1

Unitd:Lower power gird operation system
UnitS:Lower demand and supply operation system

=g line
Unit3:Demand and supply operation system
Nuclear (

Constriction unit
of simulator

Thermal
f Pumping-up hydraulic
{ Other companies

Trunk power system side(500kV~154kV) = Priority:2 (higher)

Central power feed
command center

Lower power system side(not exceeding 154kV) = Priority:1

D

L&

etails of Proposal of Requirement Definition Process
Example—result: 2. Identify electric facilities and its controllers

Target

Hydraulic

Feeding center for HV Substation
lower power system

Unit6:Remote metering and switching system
Location of smart

] N [

Distribution Substation

y,

/

Physical base Communication line Constriction unit of simulator

CRIEP| 2014 13

Details of Proposal of Requirement Definition Process
4. Identify system components

power grid operation system on a central control center for power system and UVH substation

Failure indicator

| Power sysnm ‘
board

uper-amrmnsala‘ | SCADA server

Segment: Central control center for trunk power Ethernet switch

system

onnectians

onduit
Conduit

Power system
= ‘ ‘ Operator console

Conduit

Conduit

CB control board

m P
on d board

Segment: UHV Substation control room

Ethernet switch Segment: Local control system

or device
H#Ignore overlap

Transfer control
board
lectric facilities

Network connection

Circuit Breaker

Transfer

© CRIEPI

communication

4-1. Identify System Components
4-2. Identify vulnerabilities or attack methods of components

and set as requirements of components and reproducible cyber attacks
3 As a rule, all security measures are ignored in this task

ex) directory control functions for circuit breaker based on IEC61850

IEC61850 is communication standard for electrical substation automation systems

vulnerabilities /

layer SOIpoDentS attack methods
Application IEC61850 GOOSE IEC61850 MMS
PP (for trip signal) (for reporting)
Network TCP/IP IP spoofing, DoS
Datalink Ethernet, MAC ARP spoofing, Dos

2014

15 © CRIEPI 2014 17
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Future work

@ Design and develop test-beds based on this proposal

@ |dentify requirements to evaluate influence of
incident via power grid

(DCyber attack ~ @Breaker trip__ iy @Breaker trip?
e - ]
> = L < R
. Control signal 3Influence? )
Ml JLIl
@®simplify power grid simulation Physical Space
Scope: o ~ —— A
Cyber e Control signal (I3 o
Space
© CRIEPI 2016 19
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B ERERASEN] R s T 2Pk MBUR R SRS IEC AHRR A E
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61850 J& B ERAE LLIRTEMERY 7 (B UARAE 2 — - (R BRI AUR A (SGAM)
B RS EA S T > IEC 61850 B2 CIM FRAE A4 — 1 B %2 - 1EC 61850 3
RS AE W a2 R BRI A ISR H B BV B (S 4IRS AT Z:45  IEC 61850 HYHE[EA
(E{E B E R E B L 1 HL e ESR B T 2 sk 2 8] R A%et] s SCADA
R ~ /KITERE ~ BCE ARG REIREEIE - IEC ELERTSE 7 — 251
IEC 61850 FAE © 55 1-10 53 FEEAEE s RER AL A > P& E IEC 61850 HY
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HEMERIRE - Hp RS EEMES T - HiY 1EC 61850 JEH EHEMIEME -
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HRDL 14 58 F 2 5 28 1EC 61850 S8 247 2 B M E R ZFZH) & I
HAYIEC 61850 #4048 AIFIZ[E - 2 T4k IEC 61850 AR B ULV R lE -
IEC 61850 H = (i B FoNsA T 2B E HEY ~ B BRVRA N B =
MBI ~ #rttde B 1EC 61850 Z &+ HL ~ ¥k 1EC 61850
Process 4 E - &1 IEC 61850 fRELIREE A ~ HEECHEIIRE 2 Sat Bl
A ~ SCADA HE A7 M THI Z2 47 ~ Bt —HAS-E R 1EC 61850 T-Line 4R 82 B (R =
ZLRFEIBERE 1 it AR IEC 61850 T-Line &RPSAEI{R = L4 H &
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FEEE 80 AT1 90 TS A1 TR B L4+ £ -
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SKH%BEY]) - BIERE RS R AR BTN - 2 A EBEOR 2 1855 - HAS
rn B PRI HE RIS N O SN R AR E G > ol & & B R i & 2
fEfR (e - BT ARSI S BRI Y T AF 5 (LA TRO BB 4Ers U 2 &
Mo BRERES R I A PR AT A I RS B 2 HEBh B R AR 4R
HEME > WIIELE RS - AelE EENETEICEEEF LR
(distribution automation systems)E2 KA EEES o

FCEE BB A A LI > ATERE A - [ R4 SUEEIGR -
A DUPRIRHER 22 e 800 - R R BB A EC B B B b A S TS R &L
A7y Ry =& B © SB—PEELRPETT 2009 R - RECEEEMLARSK I
S - 55 P B R B PR EL - 2011 & 2013 ME{TARAE(LEIHER - 24(2015
F)CEORE PR 71 (#E4Y 3.4 B P AR - BN EECE 2% > IcEE
Bb1& PIE BRI ER ) 83.6% ~ ~1-ra il i F% Ky 87.81% ~ 115
it FRE 94.07% ~ VSRS TR 86.53% - {i 2016 -4 2020
Tl =lEE - PSR RUOER - & T EEF EECEH B LA EE -
HHERARECEE B B b3 e 2 SRR LRI DA 1pve B BB id B —(E A B ~ 15
A VAR AR LUE R B EE H B LA -
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(F'd) Testing & Measurement

A session 175 5 B 5 iR KERI #4252 55 47 12" Review of Parameter

Determination Methods and Practical Application to Measured Data | il
" Introduction of KERI's new 4000MVA Class High-power Test Facility | °

5 1 RA g EsmErs i - SRINEERER SRR A S
(uncertainty) - jKf 22 FIEERIF D 1EC 62271 FTEORAVECAIRE - AL - AN
JeEFARY 2014 4 2016 ER] - HHERE] - PRI R HARFEE T 5B ER
= oM s (Asian Meeting of High Power Laboratories, AMHPL) S 3f45 58 » 3%
T < S e R S e B B S A 7 TR AT AR (R AR -

55 2 R Ry r4EHR R KERI BT 78 2 4,000MVA 4l s BAG B i - AR
He/ r4a T ETHR 124 T 5 B EESWCE 7R (H 2011 52016 4F) -
&7 T EEA 4,000MVA = BRE Bmasc(f o PhiE e (5% B Bes ] B REaUER switch
gear fv = 4 28KV/130kA » DR B ER 25 i = 2 345kV/400MVA(=AH) 5 R&rer
S - ATEERENES 25 22 550kV Bl 80KA ; HHsH I B st B i =1 AT 42 AC 130kA
Eil DC 150KkA - [iif BRS Em= 75 0§85 22 AC 1500kV/2A =i DC 1000kV/2A - £y KERI
e B e SRR R S e S s

HZK CRIEPI #2451 & > B[l T Investigation on Degradation of Electrical
Insulation on Highly Aged High Voltage XLPE Cable Systems | - A% /144 60kV Z¢
W XLPE B4 - Y H AR AT &M 30 F (& 1970 FA) - CEFIEVEL
ST (EHFER - BoothHigai s 910 UREZEITEREB = LA
HERT ARG OLEE MR © AHHSTEEE water tree Sy H 5L B8R > HUFIFHED
Ty IR IR g LA B LA -

AArfE#E 1 55 T Analysis and Test of Sympathetic Inrush Current of
Power Transformers - S FRgs [ 7 5hE U R &R E S E R s sr B ERkAT -
(B WAANEIN NENSTRETE Y& Mt e WA - 2 f R R VIR S ¥ s ks
)RR IR Bl H F R R R R T A re it e B A -
KRR AR G 2 SR IR S Al e B 2 MRS 8 - WS SR A B R4
LIRS » it RREVERERIITE - BRI LSS 2518 ARFfEES
VEfles - DARSHRRER.. % - (AHHASEGHE B2 BEZHEP -

e CEPRI 245 1 55 By | Development of Metrology for Digital
Measurement Technology in China  » A8 R #t B ek i & T =UEEE M
SREAZS(EVT~ECT) & FEE T (Merge Unit) > 5z E7{ir = Z5 % (Digital Energy Meter)>
R —E RS EBEHE B S 2 J70% o BRI 2014 BT
110kV %4} Dong Shan 8585 T » T3 G4 EARIEROMTELEE R s 2 7
PEAT - B A 3 RAE MRS 18 BB FURER M - LA
H 6 BRSBTS AL - ik - (RIBFTREFINVER - a8 RA
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(#1) Renewable Energy and Integration
HAeRFRES
BERE b e N2 T 22 56w 1.8 BB F & 2 FEAYE B 2. AR R
P 3K M W A B B P SIS

FER A PR AEEE IR RN EE
H A LB Il R L 1 — 7 SR e B S i R SR AV ST B 5T

B > EEEFRHPIRBHEACE LG - EHAREREARNEBREZ®R &
REREESERNHA Y - §7EZH 0B ERIIA RS - HItH P
PRI EE R K 8 - BRME L EJ4EEA > P AMEGBELIEEM
B HFEEaEmETRRIEER > RAGEE T X8 AFT ARG
B mE - WL E A e Bl & iy M SRR ARG B - HAH
R IFE R SE T AR R (R FHEVE I RVIREE T B > sefA ity
ITRE B B SR R Y S T LR F - M Z R RECHIBEE R R H Y - 40fE 9
B -

* Suppression of PV power can be avoided without reverse power flow,
by battery charging and running HP hot water supply during daytime.

100% ............................. ;: :
‘ HP hot water supply H frommmess s
: ¢! Control to suppress reverse power flow
- 5' N I
Battery charge |§ T T o Self consumption

40% .../ N

0%

6 9 15 18 Time

9~ HP&#EEH1]
AR T
JE\ T BRI 51t 5% BR Y 25 838 B A e T 7 S Rl Y 3 P AL PR AR R B
FEHAT R PR EREEER S Ry 129000MWW - K551 fy 43180MW »
M7 90%HY RIS L > TP HED - 1 Pa &l B R dh/ Do 4 E Ay -
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BEFEAERETRAY TR SR . - AP B EREE T HYBL RSAR TN 0 - Al
SEERFINE ) AR K C AR, fERCH IR ~ AR DL R 5428 2
GiFAY > FHHGET I TENEEEE S o (€ 2007 FLURJE T TS 2248
PRSP EE T B H AR R TERI 280 i 5 24 80GW HYE T %%
B KPS C TR AT E £ E 20GW HYRBGEE 4T

AP LE R E AR S BRI R SRR PR

B RPS ' B S8 B S8 AL PG EL LU ILES > 2 2016 EERATAL
TR EREE A BRI E 60GW > BN EBRBSIRIRE - YRR UK ET]
o' B ISR ETEE - TR A E EE RO C RS E ARG EN AR L - A
F Matlab RS CEEIEAR ~ HOm a3 DU PERIZENE - SEReplc—AY - AT
AT HH AT B sk BRI T2 RS - A0lE 10 For » imigegizkz
K7 e s A > FEFRAERZERIZRE - T AR DR AR AR

FE

% EREM

N’ STATE GRID

OF

Test and Simulation Data Processing
;
s 308
Range Division of Data é
® 08
g
g 04
Calculating Deviation at Different Ranges
0.2 ’J — Measured
— Simulated
Evaluating Model and Parameters 0 1 -2 3 4
Time in second
1 1.2
0.9 M.easured
ol Control Command w Simiated
Soql Response 2 us
%o.s- -é ' {/
205 5 0.6
B [&]
< 0.4 - /' ,
Active power command 0.4 .
0.3{] — Measured . LVRT Capability
— Simulated
0.2 y - . 0.2
0 20 40 60 80 100 120 0 1 2 3 4
Time in second Time in second

10 ~ KF5'E R S 8 A e A A B (1]

(75) Materials, New Technologies and others
AJE R en 8 JFElohst & sr4HETEm F 8 6 B Materials, New Technologies
and Others » —I5 4 Eam 3852 » H TR EEAMEATARH > 775 & CRIPEI,

Mr. Hisashi Kato 5%V 275 e e AT i e I $E ER Y 59 (B o0 i
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(Degradation Analysis of Commercial Lithium-ion Batteries by Application of
Pseudo Reference Electrode) A 5z CEPRI, Dr. Hui Dong #2321y 1 B R EERE
i~ B 75 F (Energy Storage Practice and Application) s — & EEHARIFHRE
By KERI, Dr. Jeong Hee-Jin 2§32 HYZS >fhie o f5 i s M 35 45 2 JFE FH (Test Platform
for Power Control and Management System of Low Voltage DC Distribution
System) ; —R R& B (N A2 M > K TPRI, Mr. Yen-Ting Lin ZRAVIEM
AR 7% 8 (R 2 St e (R BE 4 2 B &5 2 9T (The Application of Lightning

Tracking Function against Lightning Damage on Transmission Line) ©

FORBSHRNE M 2 A (Dr. Jeong Hee-Jin, KERI)

A £)% (Graphene) ZE—H#EHbRIFE DL sp2 FELaELHE N AR i
e AR Y EDERE - HA— BRI R AR - A EE E A FEoE
AT A B ZORMRE > B PR 2 E AR » HIRUL 2.3%HY5E 5 EE A
FU=2E 5300 W/m-K > SR RE NS G - FOR N HEFEBRREE
15000 cm2/V-s » Y EEZSKRBRE ERY S48 ( monocrystalline silicon ) = » M E&E[H
1%y 10-6 Q-em - ELHABGER AR - By HATTH EEEH R/ NIR - R E
S fHHY R - BEAVRS B 2R AR - DRIL A4S AT FH 2R3 e Y B
ARG FERAH—REF L EERRE - BNAEGEE L2 —fEEH
RIFHVERS @ e FKES BRI S =~ AR - R R RIGREEM -

R BT O G580 A SEIEZoK 5 (graphene
nanosheets) JAHMES S8 B TE FHRVBASEAE AHEHERAVRE DR A EEFORA =
HEREIREYEM b o B DL BRIt 757% » KERI {EHEVESEE - EIEFIH
HE R hEE A BIFHVE RS 25 - SSYMILBEELE SRR E S ERE - HR
R TR M55 B AE B AV IS A e i B A o

EBRSZEMRER N AEEMS{ES1T (Mr. Hisashi Kato, CRIEPI)

RS KISRERE )3 B SRR E N IR 1 280 2 B X s
I R ARG EEATRE - NN EA S E S ERE HRIE RS
B ERHERAR ST B EEREAER - RNILSEEA > 4 SRns e &Ik
HEENEE - SHEM B EATEA BR s SRS 2 Fdy - (FI8TE
BFEH > CRIEPI S5 A RY S T B S5 (L1 T Ry T — A I HIE B & > Ol
SR ELHERGE R TR

TEERNE R ISR
» 30Ah class laminate pouch cell
o [&fi : spinel LIMn204, layer LiMeO2
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o [GHR AR
> ARG
o JEIRHIEL - SOC10-90% » #H#E C/ 2
* {R{FaAER - SOC50% > 70% > 100%
o (EIRAIFEENIECRE © 45.35,25C
o ZNEMEL : C/205 25C > #iE 4.1-2.5V
o MR ARG H— (R

TEERAIFREAEGER
o JEFBHEL : 720cycles
* [HAERFRT - 122 K
o WETRE | BEE RN S

Postmortem 3%t

Postmortem ST EAETEIRAREE T ~ SOC 50% AL ~ 45 C AR N ST
ESEMEERTER T TR E AL - BEJTNEUETE C/ 20 %Y
B EL“Nico- ichi” Bt #ETT

o

Nico -ichi” & g HIHL Al

PR 991 LiE P2 545 HAE e i BB A5 (L » A5 P2 Hi—7& “Nico -ichi”
BRI - 43 nilfs R S EE R G AR A (i 22508 B BRdSh S RS “Nico
-ichi” Z g HISHEEH Y 5 (LA o “Nico -ichi” B FH Y (&~ 8ot ~ Bl —{H &%
EEARFTAHRY - FEFEERREL RS AV 4R - T DA EE H B A B ER 2 B
BRI BER BN E RSO E ZAHRE: » HEER AT DB 51k
1BIF - REEES Nico -ichi” By—TEIEIR MR T4 » BB E R B
B RS EN AT EMHI S LIFN - IR R b &S

FEFIRAEE B N ARG E R EZ ZHZT (Mr. Yen-Ting Lin, TPRI)
BEAE BAEIRACEGEEE TV ZFE - /£ 1989 FRES 1 EH
B PGB RS > St GEARETEZSHHGER N - 105 2002 4
S RS TP B (MRS (TLDS) > B T MISE S (CG)R SN > JRH]
HHEENE - EENEEREENERFNERSE > DL ESHE &E
PITLER(IC) » 4 2013 4 » S8 5E AT AL TLDS B3 - 4 A E IR 8 IR
BT R —ER B N - nEH S8 AT A S
Z TR AT o WA S EMUE(S EL B > RS UL RS A R

BTSRRI % B TP 2 B e 2R (F)fees > ALH#ETT IC ~ CG A SUE LK CG
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FERSUHA - WG TR > P EE R AN
SRR - 1R S | - EPEEDT B HEGRE RE ST
HEF -

GRS 2014 4 7 B RBEANE 4 S B B R BRI 0 (ADCO) %
SRR PAT SRS - SRR A LSBT B B Y > L
TR A B S SRR T B OB - R A
PORIS S B - AR R S - BRI
B .0 (ADCC) T E RTRA HL » 5 (I PIRBHIE T At 2 PR
. BV 51 S (COCONL AL - IR 28 » 1145
Y 2 g A R PRI » E (R 2
L S R BRI DR B2

R E R B A S PR 0 RO BT
K2R - FER B RS DR, & BT B 5 (58]
o - R T BT T (E - AR T APP B IR A
SRS ] 2014 SEREARAR B AR - (AR - SOV EE
SR (FREIERE - BSRG  SEE - BECEESTE 2 I -
A S AR 2 55 BERE AR S U RE DB A G
TR AR S A -

FEEREH GAEREIT BTSSR (Dr. Hui Dong, CEPRI)

HE R EERE Rl A% E il Ry LRl S G RE 24 © 2.0 FEF
B E - FER AR O T - TEPR AR S SEE(FI4 LT
EE ~ Redox Flow EEA ~ Zebra EE M ~ Lead-Carbon EE ~ LPO BEWZEHT)
PERE I (Performance Testing) ~ A~ [E] &M~ BFEIA1Z: 4= frag it (Pack and
Safety Protection Technology) - L5— 47 N By B 4d (State Grid) 2 FERE A E
B2 &8k - B8 Time-shift (FAREELN - Peak-sheaving {iAERCH ~ FIIHIFEEE %
WE PV 24 ~ JEU 388 2 il AL - DISUE A s E ) e -

FR MRl e - B RE T E - BVEBIRIT - @GR T2 ZE0;
KA RS TEM AR &SR S rEH H 2 - SRR L
SEALRRETL — A AERE R A4 - 2 A B E B EEE 100MW ~ KE5AE
40MW -~ ZE T 2478 20 MW > EL 1 LiFePO4  Byir K52 1MW ELA 15 Vanadium
redox flow 2MW -~ Li4Ti5012 2 MW -~ Lead-acid 2MW » H.Z8 245 7 THEEHIES
wrr -

B 247 (BES) TRE MG,
M S K= Wl R - ok

BT B RIGRE /BRGNS HDRAE 15 Sr g
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FERE AR HNERE T EMEM E IR E 2 M EE - RS HEED)
RHVFRK o Rt - AR ERYTEN ~ £5] ~ SHE CERE £ 4
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SRR
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=~ Effizsh
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SR TE S A L5 B SPE » (HTTREL) 260000m? » THE(T F AN
SRS R RGO I DA B R - SRR ERERE - BEIUSR
B L B R S B e -

i B R BT TR 1987 RAEfHLLSET. > MR %+500kV
T 1 5 B L et A 5 SO+ 800K 425 2 R 7 1186y
S EEREEEE » BRSNS - RS R R EE
Bl R S R EL AR » SO S I 5 1915km » 3 LG5
ACSR-6x720mm? [{J452 5 A » 45 25 Bk By 6400MW » 4852 EL T 8B B 4000 28 -
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PR FRRRAE 12 (ENERAOR S  DUR AT A 4500 2255119 6 I RIRAS - s E
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EH R PR IR ~ R A £500KV L8 EE TAZE 20% » AR TP Ef 12
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SR
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